This paper outlines methods for computing the key factorizations necessary to solve general Hz and H , linear optimal control problems. 
Introduction :
The importance of inner-outer (IOF'), spectral and coprime factorizations in obtaining solutions to certain H z and H , optimal control problems has been h o w n for some time. The solution to the general H a (a=Z,=) optimal control problems [1],[2] uses these factorizations and,in addition, the "complementary inner factor" (CIF'), to reduce the general problem to that of approximating an La rational matrix by one in Ha.
This paper focuses on the factorizations used in [ Z ] and, in particular, on explicit formulas and methods for computation. We show that all the factorizations needed in the Hz and H , optimal synthesis problem can be obtained using standard real matrix operations on state-space representations. The Algebraic Riccati Equation (ARE) plays a central role in computing the desired factorizations. Because of space limitations, the "proofs" of the results in this paper are extremely sketchy.
Background :
The general H , optimal control problem is shown in the fol-
R
The objective is to find a stabilizing K E Rmpxpz which solves min I !Fl(P;K)j i , where Fi(P;K) 4 P I 1 tP12K(I -PZK)-'P21 . 
Algebraic Riccati Equation :
Consider the Algebraic Riccati Equation,
where P, W, Q E IRnxn, W = W T 2 0 and Q = QT with the associated Hamiltonian matrix
Ir -wl
Our main interest is to find the unique real symmetric stabilizing solution such that the matrix (F -WX) is asymptotically stable. For simplicity we will use "solution" of the to mean a real symmetric one. The ARE considered here is more general than the ARE which arises in linear quadratic optimal control and Kalman-Bucy Altering theory in that there is no assumption on the definiteness of the matrix Q.
The following theorem gives the necessary and sufficient conditions for the existence of a unique stabilizing solution of (AIEE). Without loss of generality, we will assume that W = GGT.
This is a slight generalization of a theorem of Kucera [3].
Theorem 3-1 :
existence of a unique stabilizing solution of (ARE).
( b' i = 1,2 , . . . . . , 2 n ) are necessary as well as sufficient for the Remarks :
(1) The unique stabilizing solution of Theorem 3-1 will be (2) if Q 2 0, then the stabilizing solution X 2 0.
Theorem 3 4 :
K e r ( X ) z Ker(H1.
The stabillzabllity of ( F , G ) (transmission) zeros on the 3s-axis, including x .
G has a r c f G = .VJd-' with ; V inner if and only if G has no
A particular realization for the factorization is where fl is the pseudo-inverse of the stabilizing Riccati solution X from Theorem 4-1.
[Proof] :
Remarks :
(I) The minimality condition in Theorem 4-3 can be weakened (IO@.
Spectral Factorization :
Recall from Section 2 that the H , solution requires the computation of the spectral factor which is a unit in RH,. The following theorem characterizes this spectral factor.
The same assumptions on G apply here as did in Section 4 except that G E RLEXrn. 
